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SEMICONDUCTOR DEVICE BURN-IN
STRESS METHOD AND SYSTEM

BACKGROUND

The invention relates generally to semiconductor devices
and systems using such devices, particularly to improving
elfectiveness of burn-in stress testing thereof.

As part of semiconductor device manufacture, devices are
subjected to burn-in (BI) stress to induce failure that would
otherwise occur within a relatively short time period after an
end user started operating the device. A typical BI stress test
can use package connectors of a device under test (DUT) to
apply power at higher voltage and/or current than those for
which the DUT was designed, which can also elevate DUT
temperature. As a result of the high voltage, current, power,
and/or temperature, electromigration-related and other
defects can occur in a matter of hours as opposed to days or
longer during normal operation, avoiding shipping of a device
that would likely have failed prematurely 1n the field. How-
ever, typical BI tests can create higher current densities than
portions of the DUT should experience, particularly in the
case of controlled collapsed chip connectors (C4s), which can
create new defects, such as due to electromigration.

SUMMARY

Embodiments of the invention can take the form of a semi-
conductor device burn-in (BI) stress computer program prod-
uct stored on a non-transitory computer readable storage
medium including instructions 1n the form of executable com-
puter code that when executed by a computing device con-
figure the computing device to perform a method 1n which a
semiconductor device under test (DUT) can be virtually
divided into a plurality of tiles, a Bl board (BIB) can be
provided with a plurality of BIB contacts each configured to
deliver power to a respective tile, and a control structure can
be provided that has a plurality of control devices each con-
figured to alter power delivered to a respective tile. Power can
be delivered to the BIB contacts according to a BI pattern,
cach BIB contact being 1n electrical communication with a
respective tile via a respective control device, a Bl stress
parameter value and maximum allowable value thereof can be
determined for each tile, and the BI stress parameter values
and respective maximum allowable values can be compared.
Responsive to a Bl stress parameter value exceeding the
respective maximum allowable value, the control structure
can be adjusted to reduce the BI stress parameter value, and
the determining and comparing of the BI stress parameter
values can be repeated.

Other embodiments of the imnvention disclosed herein can
take the form of a semiconductor device burn-in (BI) stress
system with a controller that includes a computing device and
a non-transitory computer readable storage medium 1n com-
munication with the computing device. A burn-in board
(BIB) can be provided that can include a plurality of BIB
contacts each arranged to provide power from a power source
to a respective contact of a semiconductor device under test
(DUT) responsive to the controller. A control structure can
include a plurality of control devices each arranged to adjust
power recerved at a respective DUT contact responsive to the
controller. A computer program product can include mstruc-
tions on the non-transitory computer readable storage
medium 1n the form of computer executable code that when
executed by the computing device configures the computing
device to deliver power to the DUT with the BIB according to
a BI pattern, determine a BI stress parameter value and allow-
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2

able range thereol for each tile, and to identify any tile with a
BI stress parameter value outside of the respective allowable
range as a deviant tile. Responsive to a deviant tile having
been identified, the control structure can be adjusted such that
the respective Bl stress parameter can be at least closer to the
respective allowable range, and the delivering of the power,
the virtually dividing of the DUT, the determining of the Bl
stress parameter values, the 1dentifying, and the respective
action responsive to the 1dentifying can be repeated.

Further embodiments of the invention disclosed herein can
take the form of a semiconductor device burn-in (BI) stress
design structure configured for inclusion 1n a device under
test (DUT) and readable by a machine used in design, manu-
facture, or simulation of an integrated circuit. The design
structure can include a plurality of mput contacts each con-
figured for electrical communication with a respective con-
tact of a burn-in board (BIB) arranged to provide power to the
BIB contact responsive to a controller. A control structure of
the design structure can have a plurality of control devices
cach between a respective mput contact and a respective DUT
contact and configured to adjust power recerved at the respec-
tive input contact to an adjusted value at the respective DUT
contact responsive to a computing device. A non-transitory
computer readable storage medium can be configured for
communication with the computing device and can include a
computer program product with instructions 1n the form of
computer executable code. When the computer executable
code 1s executed by the computing device, the computing
device can be configured to configure the BIB to provide
power to the DUT according to a BI pattern, to virtually
divide the DUT 1nto a plurality of tiles each associated with a
respective BIB contact and a respective control device for
cach tile. A Bl stress parameter value and an allowable range
thereof can be determined for each tile, and any tile with a BI
stress parameter value outside of the respective allowable
range can be identified as a deviant tile. Responsive to a
deviant tile having been 1dentified, the control structure can
be adjusted such that the BI stress parameter of any deviant
tile will be at least closer to the respective allowable range,
and the virtually dividing of the DUT, the determining of the
BI stress parameter values, the identifying of any deviant tile,
and the respective action responsive to the identification of
any deviant tile can be repeated.

Additional features and advantages are realized through
the techniques of the present invention. Other embodiments
and aspects of the invention are described 1n detail herein and
are considered a part of the claimed invention. For a better

understanding of the mvention with the advantages and the
features, refer to the description and to the drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The subject matter which 1s regarded as the invention 1s
particularly pointed out and distinctly claimed 1n the claims at
the conclusion of the specification. The foregoing and other
features and advantages of the invention are apparent from the
following detailed description taken 1n conjunction with the
accompanying drawings.

FIG. 1 1s a schematic cross sectional illustration of a burn-
in (BI) stress system according to an embodiment of the
invention disclosed herein.

FIG. 2 1s a schematic 1llustration of a response of a device
under test (DUT) to a stress pattern applied with a system

such as that of FIG. 1.
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FIG. 3 1s a schematic cross sectional illustration of a BI
stress system according to an embodiment of the mvention

disclosed herein.

FIG. 4 1s a schematic cross sectional illustration of a Bl
stress system according to an embodiment of the invention
disclosed herein.

FIG. 5§ 1s a schematic illustration of a control device
arrangement, an associated addressing arrangement, and an
example control device usable with a Bl stress system accord-
ing to an embodiment of the invention disclosed herein.

FIG. 6 1s a schematic illustration of an adjusted stress
pattern applied with embodiments of the invention disclosed
herein to adjust a profile of a parameter of the DUT to more
closely correspond with a desired profile.

FI1G. 7 1s a schematic flow diagram 1llustrating a BI stress
method according to embodiments of the invention disclosed
herein.

FIG. 8 1s a schematic flow diagram 1llustrating a BI stress
method according to embodiments of the invention disclosed
herein.

FIG. 9 1s a schematic flow diagram 1llustrating a BI stress
method according to embodiments of the invention disclosed
herein.

FIG. 10 1s a schematic diagram of a computing environ-
ment with which embodiments of the mvention disclosed
herein can be implemented and 1n which embodiments of the
invention disclosed herein can be executed.

It 1s noted that the drawings of the invention are not nec-
essarily to scale. The drawings are intended to depict only
typical aspects of the invention, and therefore should not be
considered as limiting the scope of the invention. It 1s under-
stood that elements similarly numbered between the FIG-
URES may be substantially similar as described with refer-
ence to one another. Further, in embodiments shown and
described with reference to FIGS. 1-10, like numbering may
represent like elements. Redundant explanation of these ele-
ments has been omitted for clarity. Finally, 1t 1s understood
that the components of FIGS. 1-10 and their accompanying
descriptions may be applied to any embodiment described
herein.

DETAILED DESCRIPTION

In a burn-in (BI) stress testing system 100 according to
embodiments, as illustrated 1n FIG. 1, a BI board (BIB) 110
can include BIB contacts 112 through which power from a
power source 130 can be delivered to a semiconductor device
under test (DUT) 114 under direction of a controller 140.
Controller 140 can include at least one computing device 142
and at least one non-transitory, computer-readable storage
medium 144 on which can reside a computer program prod-
uct 160 that when executed by computing device 142 can
conﬁgure computing device 142 to generate a Bl stress pat-
tern 1n BI contacts 112 1n which a particular voltage and/or
current and/or power can be delivered thereto. While DU
114 could concervably be placed directly on BIB 110, DUT
114 can be carried 1n a socket tray 120 having a socket 122
configured to recerve DUT 114. A plurality of socket connec-
tors 124, or pins, corresponding to each package connector
116 of DUT 114 can be configured for engagement with
package connectors 116 of DUT 114 via upper or DUT end
contacts 126. Socket connectors 124 can extend through
socket tray 120 from DU'T end contacts 126 to corresponding
BIB end contacts 128, which can also correspond to BIB
contacts 112 so that each socket connector 124 can be 1n
clectrical communication with a respective BIB contact 112.
Thus, each BIB contact 112 can be placed 1n electrical com-
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4

munication with a respective package connector 116 of DUT
114, and BIB 110 can deliver power to DUT 114 there-
through. A conductive pathway 117 can therefore extend
from each BIB contact 112, through a corresponding socket
connector 124, to a corresponding package connector 116,
into DUT 114.

FIG. 2 shows a schematic plan view of the DUT 114
response to a typical pattern applied by BIB 110. For simplic-
ity, the description refers to conductive pathways 117
between and/or including BIB contacts 112, socket connec-
tors 124, BIB end contacts 126, DUT end contacts 128, pack-
age connectors 116, and/or DUT 114. Typically, BI stressing
applies a uniform voltage and/or current across all activated
conductive pathways 117, as illustrated in FIG. 2. By using a
voltage and/or current that 1s significantly higher than a
respective design value, a Bl test temperature in DUT 114 can
be raised far above a design nominal temperature of DUT
114. As a result of operating at Bl test voltage and/or current
and/or temperature, defects in DUT 114 that would not oth-
erwise cause a failure or other problem for many days or
weeks of operation can be accelerated to occur i hours or
even shorter periods. However, testing at too high a BI volt-
age, current, and/or temperature can cause additional defects,
such as by electromigration and/or other failure mechanisms,
in a component of DUT 114.

Different components of DUT 114 can consume different
amounts of power, and thus for a given Bl test power, voltage,
and/or current, some regions of DUT 114 will get hotter than
others, which can lead to inconsistent stressing of DUT 114
and 1ts components. For example, with continuing reference
to F1G. 2, dividing DU'T 114 1nto tiles 162 (virtually), one for
cach conductive pathway 117, some tiles 162 can consume
more power than others to form high power regions 164. It
should be noted that socket tray 120, and BIB contacts 112
can be viewed as having corresponding tiles and/or regions
therein 1t convenient, suitable, and/or desired. In addition,
some tiles 162 can have a higher operating temperature than
others and can create hot regions 166 and/or cold regions 168.
Further, some defects can introduce time variation of power
consumption, which, as illustrated in FIG. 2, can result 1n a
localized temperature increase in part of DUT 114 for a
period, Tollowed by a localized decrease 1n temperature even
at a constant voltage. To improve testing, more targeted
stressing has been achieved using particular Bl stress patterns
and/or power headers or the like to stress small areas of a
DU, but this can introduce even more temperature variation
across the DUT, itroducing further inconsistency into Bl
stress testing. Thus, current BI stress testing can suiler from
location based variation and time-based variation.

To reduce such variation, embodiments of the invention
disclosed herein include an improved semiconductor device
burn-in (BI) stress system and method that can ensure that a
profile of a particular electrical parameter or Bl stress param-
cter of a DUT more closely corresponds with a desired profile
of the parameter. Thus, 1f a uniform temperature profile 1s
desired, embodiments can adjust a stress pattern applied to a
DUT to change temperature at various locations of the DUT
to make the profile more uniform. Likewise, 1f a particular
region 1s desired to experience a lower or higher temperature
than other regions of the DUT, embodiments can alter the
applied stress pattern to achieve such temperature changes.
Similar actions can be done with a power consumption pro-
file, a voltage profile, a current profile, and/or a profile of any
other suitable electrical parameter of the DUT.

More specifically, with further reference to FIG. 1,
embodiments of the invention can include a respective control
device 118 for each BIB contact 112 which, responsive to
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controller 140, can selectively provide power to each BIB
contact 112 at a desired voltage, current, power, and/or other
clectrical parameter. In embodiments, control device(s) 118
can take the form of any suitable device that can be used to
adjust an electrical or operating parameter or power delivered
to respective BIB contact 112. Using control devices 118, a
respective voltage and/or current and/or power can be deliv-
ered to each BIB contact 112. Controller 140 can thus instruct
BIB 110 to provide power to BIB contacts 112 1n an applied
BI stress pattern with contact- and/or pin-specific values of
voltage and/or current and/or power, which, through conduc-
tive pathways 117 can be applied to package connectors 126
and DUT 114.

In embodiments, such as in the example shown in FIG. 3,
an interposer (IP) 300 can be inserted between BIB contacts
112 and package connectors 126, such as between socket tray
120 and BIB 110, to provide a contact- and/or pin-specific
applied BI stress pattern with a respective IP control device
318, as will be explained below. Use of IP 300 can allow
application of embodiments to existing equipment with
minor, if any, changes in the equipment and/or processes. 1P
300 can take the form of a through silicon via (TSV) based IP,
and 1n embodiments can be incorporated into socket tray 120,
but regardless of the particular implementation, IP 300 can be
in communication with controller 140 and can include IP
paths 324 corresponding to BIB contacts 112 and to socket
connectors 124, as well as DUT package connectors 116.
Each IP path 324 can include an IP input contact 326 arranged
for electrical communication with a respective BIB contact
112 and an IP output contact 310 arranged for electrical
communication with a respective package connector 124 of
DUT 114, such as via a respective socket connector 124. Each
IP path 324 can further include an IP control device 318 1n
clectrical communication with IP mput contact 326 and IP
output contact 328, and can be 1n communication with and
responsive to controller 140. Thus, each IP path 324 can be
part ol a conductive pathway 317 from each BIB contact 112
to a respective package connector 116, such as through a
respective socket connector 124. Each IP control device 318
can be arranged to adjust an electrical parameter or BI stress
parameter of power received at a respective IP input contact
326 to an adjusted parameter of power delivered to a respec-
tive IP output contact 328 responsive to controller 140. As
with BIB internal control device 118, IP control device 318
can be any suitable control device.

In another embodiment, control devices 118 can be
included 1n and/or added onto DUT 114, as seen 1n FIG. 4.
Each control device 118 can be connected to a respective
input contact 116, as well as to a respective device or contact
within DUT 114. Thus, respective conductive pathways 117
can include contacts 112 of BIB 110, input contacts 126 of
socket tray 120, output contacts 128 of socket tray 122, and
input contacts 116, as well as internal connections and/or
contacts to and/or of DUT 114. Thus, each respective control
device 118 can be 1n electrical communication with a respec-
tive input contact 116 and a respective DUT contact so that
cach control device 118 can alter power received at input
contact 116 and delivered to DUT contact(s), such as by
altering a BI stress parameter imposed by BIB 110 responsive
to controller 140 and/or another computing device, and/or
additional components of a control structure, such as an
addressing arrangement 150 with a control circuit 152 and
addressing devices 154, as will be described below. It should
be noted that embodiments can include an on-board non-
transitory storage medium 402 configured for communica-
tion with a computing device 404, which computing device

404 can be on-board and/or external to DUT 114.
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Control devices 118 and/or IP control device 318 1n
embodiments can be controlled by controller 140 and/or com-
puting device 142 using an addressing arrangement 150, an
example of which shown 1n FIGS. 1-4. With specific refer-
ence to FIG. 5, a schematic 1llustration of a top surface of BIB
110 and/or IP 300 shows a square corresponding to a respec-
tive region around a respective contact and/or conductive
pathway and a respective control device 118/318. Thus, con-
trol devices 118/318 can be laid out 1n a two-dimensional
array and addressing arrangement 150, using a control circuit
152 in communication with controller 140 and/or computing
device 142, activate and/or deactivate and/or adjust control

devices 118/318 with addressing devices 154 connected to
control devices 118/318.

A suitable control device 118/318 can take the form of, for
example, a voltage regulator, such as regulator 200 shown 1n
FIG. 5, or a power gate. Voltage regulator 200 can include an
mput line 202 1n electrical communication with an 1nput
power header 204 that can 1n turn be 1n electrical communi-
cation with a latchable array 209 of field effect transistors
(FETs) 210. Latchable array 209 can also be 1n electrical
communication with an output power header 206, which 1n
turn can be connected to an output line 208. Where BI stress
system 100 employs BIB internal control devices 118, input
line 202 can be 1n electrical communication with and recerve
power from power source 130, and output line can be in
clectrical communication with a respective BIB contact 112.
In embodiments 1n which BI stress system 100 includes IP
300 and IP control devices 318, mput line 202 can be 1n
clectrical communication with a respective IP input contact
326, and output line 208 can be in electrical communication
with a respective 1P output contact 328.

Latchable array 209 can include one or more FET 210
clectrically connected between input and output power head-
ers 204, 206. For example, each FE'T can include a drain line
212 connected to input power header 204 and a source line
214 connected 206. Thus, mnput power header 204 can dis-
tribute power from input line 202 to each FE'T 210, and output
header 206 can gather power from any active FET 210 that
can then travel to output line 208. Each FET 210 can further
include a gate 216 responsive to a respective latch 218 that can
control gate 216 responsive to addressing arrangement 150.
Thus, by activating or deactivating FET's 210 via latches 218,
a voltage across latchable array 209 can be adjusted and/or
controlled. While four control latches 218 and FETs 210 are
shown 1n FIG. 5, it should be clear that more or fewer FETs
210 and control latches 218 could be used if desired and/or
appropriate. Each latch 218 can be responsive to one or both
addressing devices 154 responsive to control circuit 152 of
adc ressing arrangement 150.

Turming now to FIG. 6, and with continued reference to
FIGS. 1-5, an embodiment of BI stress system 100 can
address a non-uniform stress response of a DUT 114, such as
that shown in FIG. 2, by adjusting an applied BI stress pattern
to make the response more uniform, as illustrated 1n FIG. 6.
FIG. 6 shows a schematic plan view of the DUT 114 response
shown 1n FIG. 2, but just after adjustment of the applied BI
stress pattern by an implementation of Bl system 100 accord-
ing to embodiments. For simplicity, the description with
respect to FIG. 6 refers to conductive pathways 117, 317
between and/or including BIB contacts 112, IP paths 324, 1P
input contacts 326, IP output contacts 328, socket connectors
124, BIB end contacts 126, DUT end contacts 128, package
connectors 116, and/or DUT 114. In addition, the description
with respect to FIG. 6 will refer to an embodiment including
an interposer (IP) 300 and 1ts associated control devices 318,
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but it should be understood that the bulk of the description can
also applied to embodiments 1n which BIB internal control
devices 118 are employed.

Thus, an embodiment of BI stress system 100 can deter-
mine a Bl profile of an electrical parameter or Bl stress
parameter of DUT 114, and configure IP 300, such as by
configuring at least one IP control device 318, to adjust power
delivered to DUT 114 such that the BI profile more closely
corresponds to a desired profile of the electrical or BI stress
parameter. In embodiments, the desired profile can be stored
on storage medium 144, such as part of a Bl plan that can take
the form of a data file 146 and can include additional 1nfor-
mation usable by computer program product 160. For
example, data file 146 can include, but 1s not limited to includ-
ing, one or more desired profiles of electrical or BI stress
parameters, properties and layouts of DUT 114, threshold
values of electrical and/or operating or Bl stress parameters,
and/or additional information as may be suitable and/or
desired. Controller 140 can, for example, acquire at least one
of BI pattern of a BI plan to be applied to BIB 110, the BI
pattern including a control setting for BIB 110. The Bl pattern
can be applied with BIB 110 and/or a control structure, such
as control devices 118 or IP 300. Where each IP control
device 318 includes a voltage regulator similar to regulator
200 of FIG. §, for example, computing device 142 of control-
ler 140 can determine a Bl temperature profile of DUT 114
from the BI pattern or plan, then send commands to control
circuit 152 so as to selectively activate latches 218 of one or
more regulators 200 with addressing devices 154 to adjust
voltage delivered to DUT 114, thus adjusting the BI tempera-
ture profile of DUT 114 to more closely resemble or corre-
spond to a desired temperature profile.

More specifically, with additional reference to FIG. 7
where blocks of a method 700 are mentioned, embodiments
of BI stress system 100 can include a computer program
product 160 that includes instructions that configure comput-
ing device 142 to acquire at least one Bl plan and/or Bl pattern
(block 702) and apply each BI pattern (block 704), such as by
imposing a respective control setting on the control structure.
DUT 114 can respond to the BI pattern, and its response can
be determined, for example, by virtually dividing DUT 114
into a plurality of tiles 162 (block 706), such as at least two
tiles, each tile 162 having associated therewith a respective
contact and/or package connector 116 of DUT 114 and/or a
conductive pathway 317 thereto. Each tile 162 can be tested
by determining a respective value of at least one BI stress
parameter of the tile being tested (block 708). For example,
computing device 142 can be configured to determine a
respective amount of power being drawn during BI stress,
which can be used to form a BI power profile of DUT 114
(block 404).

A respective allowable BI stress parameter range can be
determined for each of the at least one BI stress parameter
(block 710) for each conductive pathway 117 and/or tile 162.
Each allowable range can include at least one boundary value
for the respective Bl stress parameter, each boundary value
including one of a minimum value or a maximum value for
the respective Bl stress parameter. The respective measured
or determined BI stress parameter values can be compared to
the respective allowable range (block 712), and any tile with
a respective Bl stress parameter value outside of the respec-
tive allowable range can be 1dentified as a deviant tile (block
714). Where every Bl stress parameter value of a tile 1s within
the respective allowable range, the tile can be flagged as
acceptable (block 716). If no deviant tile 1s 1dentified for any
BI pattern of a BI plan, and/or 1f every tile 1s flagged as
acceptable, the Bl plan can be ended (block 718). However, 1f
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at least one tile 1s 1dentified as deviant, an adjusted control
setting can be determined (block 720) to adjust the control
structure such that every Bl stress parameter value of any
deviant tile can be at least closer to the respective allowable
range, and the respective Bl pattern and testing can be
repeated applying and/or imposing and/or using the adjusted
control setting (block 722, blocks 708 et seq.). Computing
device 142 can be configured to determine whether there 1s
another or next Bl pattern to be applied (block 724), can apply
the next BI stress pattern (block 704) 11 there 1s one, and can
repeat testing (blocks 706 et seq.). When there 1s no next Bl
pattern, the BI plan can be ended (block 718).

For example, a Bl stress parameter can be power delivered
and/or consumed, and a power delivered value and a maxi-
mum deliverable power for each package connector 116 can
be determined and compared. For any tile 162 drawing more
than the respective maximum deliverable power, a control
setting can be determined that will reduce power consump-
tion of the respective tile 162. In embodiments, the control
setting determination can take BI stress parameter values of
other tiles 162 into account during determination of an
adjusted control setting. That 1s, an effect of at least one other
tile 162 on the at least one respective Bl stress parameter of
the tile being tested can be determined, such as by determin-
ing a voltage drop between the tile being tested and one or
more other tiles. It should be noted that determination of any
Bl stress parameter value and/or maximum allowable BI
stress parameter value can include collecting and/or retriev-
ing and/or recerving data from DUT 114 and/or socket tray
120 and/or BIB 110. Further, data collected during testing of
similar devices of a same or similar design can be retrieved
and/or received and used in determination of any BI stress
parameter value and/or any maximum allowable BI stress
parameter value. Other Bl stress parameters can include tem-
perature, current, and/or voltage, as well as any other suitable
property and/or parameter as may be desired.

In embodiments, at least one Bl pattern can apply difierent
BI stress parameter profiles to different portions of DUT 114.
For example, higher stress can be induced on a first portion of
DUT 114 than i a second portion. Alternatively and/or 1n
addition, a BI stress parameter profile of a first portion can be
changed 1n a first manner and a BI stress parameter profile of
a second portion can be changed 1n a second manner, such as
to change the BI stress parameter profile over the sum of the
first and second portions substantially uniform. A manner of
change can include an increase, a decrease, and/or not chang-
ing a Bl stress parameter value and/or profile of a portion of
DUT 114.

In an embodiment, computing device 142 can be config-
ured to virtually divide DUT 114 into tiles (block 802) and
determine at least one Bl stress parameter value for each tile
(block 804 ), such as power, temperature, current, and/or volt-
age. A maximum deliverable power can be determined for
cach tile/conductive pathway (block 806), and any tile 162
drawing more than a threshold or maximum allowable power
value can be 1dentified (block 808) as a high power tile. Each
high power tile can be part of at least one high power region
164, adjacent high power tiles being part of a same high
powerregion 164 (block 810). It should be recognized that the
term “high power” as used herein means more power than a
threshold value. For each high power region 164, a total area
can be determined, and, 1n response to the total area of a high
power region 164 exceeding a threshold area value (block
812), IP 300 can be configured to reduce power consumption
in high power region 164 (block 814). In embodiments, for
example, IP control devices 318 of all high power tiles 1n a
high power region 164 can be configured to reduce power
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consumption in the high power region 164 (block 816),
though 1n other embodiments, fewer IP control devices 318
can be so configured (block 816). A check can be made for a
failure (block 818), which can result 1n stopping/end in
response to a failure having occurred or repeating from deter-
mimng for each tile 162 power, temperature, current and/or
voltage values (block 804) 1n response to no failure having
occurred.

In response to the total area of a particular high power
region 164 being no more than the threshold area value (block
812), IP 300 can be configured to draw power from at least
one donor tile 165 (block 820) outside the high power region
164 to one or more high power tiles 1n the high power region
164. Computing device 142 can therefore be configured to
identily a donor tile 165 by determining a respective current
delivered to each tile 162 through the respective conductive
pathway, IP path 302, and/or package connector 116 (block
804). Any tile 162 outside a high power region 164 to which
more current 1s delivered than 1s delivered to any high power
tile 1n the high power region 164 (block 822) can be 1identified
as a donor tile 165 (block 824). A donor tile 165 can be
adjacent the high power region 164, though that need not be
the case. To draw power from each donor tile 165 to the high
power region 164, computing device 142 can be configured to
determine a respective voltage drop that would occur between
cach donor tile 165 and the respective high power region
and/or high power tile(s) (block 826) were power drawn from
the respective donor tile 165 to the respective high power
region. Responsive to a voltage drop associated with a donor
tile 165 being less than a donor threshold voltage (block 828),
power can be drawn to the respective high power region 164
from the respective donor tile 165 (block 820). Each power
draw can be achieved by setting a respective voltage for each
tile, donor tiles and high power tiles, based at least 1n part on
the determined voltage drop of each donor tile 165, and con-
figuring control devices 118/318 according to such values
(block 816)

In embodiments, with additional reference to FIG. 7 where
blocks of a method 500 of embodiments are mentioned, after
dividing DUT 114 nto tiles (block 902), computer program
product 162 can instead, or 1n addition, include instructions
that configure computing device 142 to adjust a Bl tempera-
ture or other profile of DUT 114 to more closely correspond
to a predefined or desired temperature or other profile. For
example, computing device 142 can be configured to deter-
mine a temperature profile for DUT 114, such as by deter-
mimng a respective tile temperature of each tile 162 (block
904). Any tile with a respective tile temperature above a {irst
threshold temperature (block 906) can be 1dentified as a hot
tile that can be part of ahotregion 166, adjacent hot tiles being,
part of a same hot region 166 (block 908). Likewise, any tile
with a respective tile temperature below a second threshold
temperature (block 910) can be 1dentified as a cold tile that
can be part of a cold region 168, adjacent cold tiles being part
of a same cold region 168 (block 912). It should be recognized
that the term “hot” as used herein means higher temperature
than a first threshold value, and the term “cold” as used herein
means lower than a second threshold value. Parameter values
of DUT 114 that can adjust temperature of one or more hot
and/or cold tiles to achieve a desired profile can be deter-
mined (block 914). The at least one IP control device 318 of
IP 300 can then be configured in accordance with the deter-
mined parameter values (block 916), an can thus be used to
adjust at least one operating parameter of each respective 1P
path 302 to change the BI temperature profile to more closely
correspond to a desired temperature profile. A check can be
made for a failure (block 918), which can end execution of
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computer program product 160 11 failure 1s detected or return
to determining power, temperature, current, and/or voltage of

cach tile (block 904). FIG. 5, as mentioned above, shows

conductive pathways 117/317 with an applied stress pattern
adjusted according to embodiments. As compared to FIG. 2,
for example, the example of FIG. 5 shows reduced voltage
applied 1 hot region 166, reduced current 1in high power
region 164, reduced current 1n cold region 168, and other
changes to efiect a change away from the response of DUT to
uniform higher voltage and current, toward a desired profile,
such as uniform temperature.

To enhance operation, computer program product 160 can
further include instructions that configure the computing
device 142 to determine an eflective stress acceleration
(block 920) of the semiconductor device using the Bl tem-
perature profile, and to determine efiective parameter values
in accordance with the eflective stress acceleration (block

922). At least one IP control device 318 of IP 300 can be

configured i accordance with the effective parameter
value(s) (block 924) to adjust an applied stress pattern applied
to DUT 114 using the effective stress acceleration. A respec-
tive updated tile temperature of each tile can then be deter-
mined (block 926), and hot and cold tiles can be 1dentified
(blocks 506-512) using the updated tile temperatures, such as
by setting the tile temperature(s) to the updated tile tempera-
ture value(s) (block 928).

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module™ or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in one
or more computer readable medium(s) having computer read-
able program code embodied thereon.

Any combination of one or more computer readable medi-
um(s) may be utilized. The computer readable medium may
be a computer readable signal medium or a computer read-
able storage medium. A computer readable storage medium
may be, for example, but not limited to, an electronic, mag-
netic, optical, electromagnetic, inirared, or semiconductor
system, apparatus, or device, or any suitable combination of
the foregoing. More specific examples (a non-exhaustive list)
of the computer readable storage medium would include the
following: an electrical connection having one or more wires,
a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash
memory ), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or
store a program for use by or 1n connection with an instruction
execution system, apparatus, or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, 1n baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter readable signal medium may be any computer readable
medium that 1s not a computer readable storage medium and
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that can communicate, propagate, or transport a program for
use by or 1n connection with an mnstruction execution system,
apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing. Computer
program code for carrying out operations for aspects of the
present invention may be written in any combination of one or
more programming languages, mcluding an object oriented
programming language such as Java, Smalltalk, C++ or the
like and conventional procedural programming languages,
such as the “C” programming language or similar program-
ming languages. The program code may execute entirely on
the user’s computer, partly on the user’s computer, as a stand-
alone software package, partly on the user’s computer and
partly on a remote computer or entirely on the remote com-
puter or server. In the latter scenario, the remote computer
may be connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide area
network (WAN), or the connection may be made to an exter-
nal computer (for example, through the Internet using an
Internet Service Provider).

Aspects of the present invention are described above with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the tlowchart i1llustrations and/
or block diagrams, and combinations of blocks 1n the tlow-
chart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program 1nstructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer readable medium that can direct a computer,
computing device, other programmable data processing
apparatus, or other devices to function 1n a particular manner,
such that the instructions stored in the computer readable
medium produce an article of manufacture including mnstruc-
tions which implement the function/act specified 1n the flow-
chart and/or block diagram block or blocks. The computer
program 1nstructions may also be loaded onto a computer,
computing device, other programmable data processing
apparatus, or other devices to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other devices to produce a computer 1mple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide pro-
cesses for implementing the functions/acts specified 1n the
flowchart and/or block diagram block or blocks. The com-
puter readable medium can be part of and/or built into and/or
onto DUT 114 1n embodiments, as can a computing device in
communication with the computer readable medium so that
an on-board computing device can execute instructions stored
in on-board computer readable medium of DUT 114, though
in embodiments, on-board computer readable medium can be
configured for communication with an external computing
device, such as controller 140, which can retrieve and/or load
and execute such instructions.

The tflowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
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implementations of systems, methods and computer program
products according to various embodiments of the present
invention. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, 1n some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, i1n fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality mvolved. It will also be
noted that each block of the block diagrams and/or flowchart
1llustration, and combinations of blocks in the block diagrams
and/or tlowchart 1llustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

A Bl stress system according to embodiments of the inven-
tion disclosed herein may be implemented as a circuit design
structure. FIG. 8 1llustrates a block diagram of a general-
purpose computer system which can be used to implement the
circuit and circuit design structure described herein. The
design structure may be coded as a set of instructions on
removable or hard media for use by general-purpose com-
puter. FIG. 8 1s a schematic block diagram of a general-
purpose computer for practicing the present invention. FIG. 8
shows a computer system 800, which has at least one micro-
processor or central processing unit (CPU) 805. CPU 805 1s
interconnected via a system bus 820 to machine readable
media 875, which includes, for example, a random access
memory (RAM) 810, a read-only memory (ROM) 815, a
removable and/or program storage device 855 and amass data
and/or program storage device 850. An input/output (I/0)
adapter 830 connects mass storage device 850 and removable
storage device 855 to system bus 820. A user interface 835
connects a keyboard 8635 and a mouse 860 to system bus 820,
and a port adapter 825 connects a data port 843 to system bus
820 and a display adapter 840 connect a display device 870.
ROM 815 contains the basic operating system for computer
system 800. Examples of removable data and/or program
storage device 855 include magnetic media such as tloppy
drives, tape drives, portable flash drives, zip drives, and opti-
cal media such as CD ROM or DVD drives. Examples of mass
data and/or program storage device 850 include hard disk
drives and non-volatile memory such as flash memory. In
addition to keyboard 865 and mouse 860, other user 1mput
devices such as trackballs, writing tablets, pressure pads,
microphones, light pens and position-sensing screen displays
may be connected to user interface 835. Examples of display
device 870 include cathode-ray tubes (CRT) and liquid crys-
tal displays (LCD).

A machine readable computer program may be created by
one of skill 1n the art and stored in computer system 800 or a
data and/or any one or more of machine readable medium 875
to simplily the practicing of this invention. In operation,
information for the computer program created to run the
present invention 1s loaded on the appropriate removable data
and/or program storage device 855, fed through data port 845
or entered using keyboard 865. A user controls the program
by manipulating functions performed by the computer pro-
gram and providing other data mnputs via any of the above
mentioned data mput means. Display device 870 provides a
means for the user to accurately control the computer pro-
gram and perform the desired tasks described herein.

FIG. 9 shows a block diagram of an example design tlow
900. Design tlow 900 may vary depending on the type of IC
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being designed. For example, a design flow 900 for building
an application specific IC (ASIC) may differ from a design
flow 900 for designing a standard component. Design struc-
ture 920 1s preferably an input to a design process 910 and
may come from an IP provider, a core developer, or other
design company or may be generated by the operator of the
design flow, or from other sources. Design structure 920 can
comprise Bl stress system 200 in the form of schematics or
HDL, a hardware-description language (e.g., Verilog, VHDL,
C, etc.). Design structure 920 may be contained on one or
more machine readable medium. For example, design struc-
ture 920 may be a text file or a graphical representation of Bl
stress system 200. Design process 910 preferably synthesizes
(or translates) BI stress system 200 into a netlist 980, where
netlist 980 1s, for example, a list of wires, transistors, logic
gates, control circuits, I/O, models, etc., that describes the
connections to other elements and circuits 1n an 1ntegrated
circuit design and recorded on at least one of machine read-
able medium. This may be an 1iterative process in which netlist
980 15 re-synthesized one or more times depending on design
specifications and parameters for the circuit.

Design process 910 may include using a variety of inputs;
for example, mputs from library elements 930 which may
house a set of commonly used elements, circuits, and devices,
including models, layouts, and symbolic representations, for
a given manufacturing technology (e.g., different technology
nodes, 32 nm, 45 nm, 90 nm, etc.), design specifications 940,
characterization data 950, verification data 960, design rules
970, and test data files 985 (which may 1nclude test patterns
and other testing information). Design process 910 may fur-
ther include, for example, standard circuit design processes
such as timing analysis, verification, design rule checking,
place and route operations, etc. One of ordinary skill in the art
of integrated circuit design can appreciate the extent of pos-
sible electronic design automation tools and applications
used 1n design process 910 without deviating from the scope
and spirit of the invention. The design structure of the mven-
tion 1s not limited to any specific design flow.

Ultimately, design process 910 preferably translates Bl
stress system 200, 300, along with the rest of the integrated
circuit design (if applicable), into a final design structure 990
(e.g., information stored in a GDS storage medium). Final
design structure 990 may comprise information such as, for
example, test data files, design content files, manufacturing
data, layout parameters, wires, levels of metal, vias, shapes,
test data, data for routing through the manufacturing line, and
any other data required by a semiconductor manufacturer to
produce Bl stress system 200, 300. Final design structure 980
may then proceed to a stage 9835 where, for example, final
design structure 980 proceeds to tape-out, 1s released to
manufacturing, 1s sent to another design house or 1s sent back
to the customer.

The descriptions of the various embodiments of the present
invention have been presented for purposes of illustration, but
are not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the embodiments, the practical application or tech-
nical improvement over technologies found in the market-
place, or to enable others of ordinary skill mn the art to
understand the embodiments disclosed herein.

What is claimed 1s:

1. A semiconductor device burn-in (BI) stress computer
program product stored on a non-transitory computer read-
able storage medium including instructions in the form of
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executable computer code that when executed by a comput-
ing device configure the computing device to perform a
method comprising:

virtually dividing a device under test (DUT) into a plurality
of tiles;

providing a BI board (BIB) including a plurality of BIB
contacts each configured to deliver power to a respective
tile;

providing a control structure including a plurality of con-
trol devices each configured to alter power delivered to a
respective tile;

delivering power to the BIB contacts according to a Bl
pattern, each BIB contact being 1n electrical communi-
cation with a respective tile via a respective control
device;

determiming a BI stress parameter value and a maximum
allowable value thereof for each tile;

comparing the respective Bl stress parameter value and
maximum allowable value of each tile; and

responsive to a Bl stress parameter value exceeding the
respective maximum allowable value, adjusting the con-
trol structure to reduce the BI stress parameter value and
repeating the determining and the comparing of the Bl
stress parameter values, wherein the adjusting of the
control structure includes determining an effect of at
least one other tile on the BI stress parameter of each tile.

2. The semiconductor device burn-in (BI) stress computer
program product of claim 1, wherein each Bl stress parameter
includes one of current, voltage, power, or power density.

3. The semiconductor device burn-in (BI) stress computer
program product of claim 1, wherein the plurality of control
devices includes power gates.

4. The semiconductor device burn-in (BI) stress computer
program product of claim 3, wherein the control structure 1s
part of the DUT.

5. The semiconductor device burn-in (BI) stress computer
program product of claim 3, wherein the control structure
includes a separate structure between the semiconductor
device and the BIB.

6. The semiconductor device burn-in (BI) stress computer
program product of claim 1, wherein the determining of the
BI stress parameter value includes collecting data from the
DUT.

7. The semiconductor device burn-in (BI) stress computer
program product of claim 1, wherein the determining of the
BI stress parameter value includes retrieving data collected
during testing of a semiconductor device of a same design as
the DUT.

8. A semiconductor device burn-in (BI) stress system com-
prising:

a controller including a computing device and a non-tran-
sitory computer readable storage medium 1n communi-
cation with the computing device;

a burn-in board (BIB) including a plurality of BIB contacts
cach arranged to provide power from a power source to
arespective contact of a semiconductor device under test
(DUT) responsive to the controller;

a control structure including a plurality of control devices
cach arranged to adjust power received at a respective
DUT contact responsive to the controller; and

a computer program product including mstructions on the
non-transitory computer readable storage medium 1n the
form of computer executable code that when executed
by the computing device configures the computing
device to:
deliver power to the DUT with the BIB according to a BI

pattern;
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virtually divide the DUT into a plurality of tiles each
including a respective DUT contact, wherein the Bl
pattern includes a first portion of the DUT different
than a second portion of the DUT;

determine a BI stress parameter value and allowable
range thereof for each tile, wherein the BI pattern
includes applying a different Bl stress parameter pro-
file to the first portion of the DUT than to the second
portion of the DUT and wherein the applying of the
different BI stress parameter profile includes taking
the Bl stress parameter value of each of at least one tile
in the second portion into account 1n the applying of
the BI stress parameter profile of the first portion;

identify any tile with a BI stress parameter value outside
of the respective allowable range as a deviant tile; and

responsive to a deviant tile having been 1dentified, adjust
the control structure such that the respective BI stress
parameter can be at least closer to the respective
allowable range, and repeat the delivering of power,
the virtually dividing of the DUT, the determining of
BI stress parameter values, the identifying, and the
respective action responsive to the identiiying.

9. The semiconductor device burn-in (BI) stress system of
claim 8, wherein the plurality of control devices includes at
least one power gate and the adjusting of the control structure
includes changing a control voltage applied to the power gate.

10. The semiconductor device burn-in (BI) stress system of
claim 8, wherein the BI stress parameter includes tempera-
ture, and the adjusting of the control structure includes adjust-
ing at least one of a current, a voltage, or a power delivered to
any deviant tile to a value within respective constraining
values for the respective deviant tile that 1s determined to
change the temperature o the deviant tile closer to the respec-
tive allowable temperature range.

11. The semiconductor device burn-in (BI) stress system of
claim 8, wherein the applying of a different BI stress param-
eter profile includes inducing higher stress 1n the first portion
than in the second portion.

12. The semiconductor device burn-in (BI) stress system of
claim 8, wherein the applying of the different Bl stress param-
cter profile includes changing the BI stress parameter profile
of the first portion 1n a first manner and changing the BI stress
parameter profile of the second portion in a second manner,
thereby changing the Bl stress parameter profile over the sum
of the first and second portions to be substantially uniform.

13. The semiconductor device burn-in (BI) stress system of
claim 8, wherein the taking the respective Bl stress parameter
value of each of at least one tile 1n the second portion 1nto
account includes determining a voltage drop between each of
the at least one tile 1n the second portion and at least one tile
of the first portion.

14. A semiconductor device burn-in (BI) stress design
structure configured for inclusion 1n a device under test
(DUT) and stored 1n a system comprising a computer and
program instructions which, when executed, cause the com-
puter to execute the program instructions by a machine used
in design, manufacture, or simulation of an integrated circuit,
comprising:

the machine manufacturing the design structure, compris-
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a plurality of input contacts each configured for electrical
communication with a respective contact of a burn-in
board (BIB) arranged to provide power to the BIB con-
tact responsive to a controller;

a control structure including a plurality of control devices
cach between a respective input contact and a respective
DUT contact and configured to adjust power received at
the respective mput contact to an adjusted value at the
respective DUT contact responsive to a computing
device;

a non-transitory computer readable storage medium con-
figured for communication with the computing device;
and

a computer program product including mstructions stored
on the non-transitory computer readable storage
medium 1n the form of computer executable code that
when executed by the computing device configures the
computing device to:

configure the BIB to provide power to the DUT accord-
ing to a BI pattern;

virtually divide the DUT into a plurality of tiles each
associated with a respective BIB contact and a respec-

tive control device of the control structure, wherein
the BI pattern includes a first portion of the DUT
different than a second portion of the DUT;

determine a Bl stress parameter value and an allowable
range thereof for each tile, wherein the BI pattern

includes applying a different Bl stress parameter pro-
file to the first portion of the DUT than to the second
portion of the DUT and wherein the applying of the
different BI stress parameter profile includes taking
the BI stress parameter value of each of at least one tile
in the second portion 1nto account in the applying of
the BI stress parameter profile of the first portion; and

identily any tile with a BI stress parameter value outside
ol the respective allowable range as a deviant tile; and

responsive to a deviant tile having been 1dentified, adjust
the control structure such that the BI stress parameter
of any deviant tile will be at least closer to the respec-
tive allowable range, and repeat the virtually dividing
of the DUT, the determiming of the BI stress parameter
values, the i1dentifying any deviant tile, and the
respective action responsive to identification of any
deviant tile.

15. The semiconductor device burn-in (BI) stress design
structure of claim 14, wherein the design structure comprises
a netlist.

16. The semiconductor device burn-in (BI) stress design
structure of claim 14, wherein the design structure resides on
non-transitory storage medium as a data format used for an
exchange of layout data of integrated circuaits.

17. The semiconductor device burn-in (BI) stress design
structure of claim 14, wherein the design structure resides 1n
a programmable gate array.
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